Sacculina sinensis (Cirripedia: Rhizocephala) is a parasitic barnacle first reported in Hong Kong by Boschma (1933) to infect the intertidal crab, Leptodius exaratus. Since then, no studies have been conducted to investigate its distribution and morphology, which are important in providing background information for further taxonomic and ecological studies. In the present study, S. sinensis has shown to have a limited distribution in Hong Kong, being confined to only four out of the nine sheltered boulder shores sampled and with a mean infestation rate of 11.3 percent. The localized distribution of S. sinensis in Hong Kong is probably due to its short larval development times (four naupliar stages and one cypris stage, completed in about six days) and hence limited larval dispersal distance. The externa of S. sinensis is ovoid in shape with two distinct shoulders, and the outer cuticle surface is spinous. From histological studies, the male receptacles are located posteriorly in the visceral mass, and each male receptacle is globular in shape. The receptacle duct is folded and connected to the receptacle via a small tube with a thick cuticle lining. The larval morphology of S. sinensis was investigated using a scanning electron microscope. The appendages bear setulate setae in all naupliar stages. In the cyprid, segment III of the antennule consists of the attachment disc in both sexes, and the male has a large posterior aesthetasc which is absent in females. On segment IV, male cyprids have a large terminal aesthetasc, a subterminal aesthetasc, and three terminal setae. Segment IV of female cyprids has a subterminal aesthetasc which is smaller than that on the male cyprids. The larval sex ratio showed seasonal variation with 100 percent males in summer and 80 percent females in winter. Such seasonal variation in sex ratio would allow the female cyprids to infest the host crabs in winter, producing virgin externae by summer for the male cyprids to settle, and allow the externae to mature.
Rhizocephalans are parasitic barnacles (Crustacea: Cirripedia) on marine and a few freshwater crustaceans (Høeg and Lützen, 1985, 1995; Høeg, 1995; Bresciani and Høeg, 2001; Walker, 2001) . There are about 260 described species, comprising eight families in two suborders: the Kentrogonida and Akentrogonida (Høeg and Lützen, 1985) . Identification of rhizocephalans is difficult due to the limited distinguishing morphological features of the female externa, the lack of type specimens for comparison, and the occurrence of multiple-host infection in a number of species (Øksnebjerg, 2000 ; also see review by Høeg and Lützen, 1995) . The lack of larval descriptions for many species complicates the situation further. The systematics of the family Sacculinidae (Kentrogonida), in the light of hostspecificity, however, is comparatively less chaotic because they parasitize true crabs (Brachyura) exclusively. Members of this family, however, require micro-anatomical examination of the externa for precise identification (Boschma, 1955; Høeg and Lützen, 1985) .
Sacculina sinensis Boschma, 1933 , was first identified in Hong Kong as a parasite of the crab Leptodius exaratus H. Milne Edwards, 1834 (¼ Xanthoidius exaratus in Boschma, 1933) . The morphological description of the type specimen of S. sinensis, however, was based on a poorly preserved sample. In addition, since Boschma's work in 1933 , no attempt has been made to further investigate its larval morphology or distribution in Hong Kong coastal waters. The present study, therefore, describes the adult and larval morphologies of S. sinensis. Particular emphasis is focused on the antennular morphologies of the male and female cypris larvae which will provide background information for any further studies on the ecology of S. sinensis in the Asian region.
MATERIALS AND METHODS

Distribution and Abundance
The distribution and abundance of Sacculina sinensis was surveyed on nine boulder shores in Hong Kong waters where the host crab Leptodius exaratus is common (Fig. 1) . At each shore, L. exaratus were handcollected over a period of 30 minutes along a 30 metres stretch of shoreline at 1.0-1.25 metres above Chart Datum (C.D.). The number of crabs infested with S. sinensis was scored, and the percentage infestation was calculated.
Externa Morphology
Externae of live specimens of Sacculina sinensis were removed from the pleons of the hosts and fixed in Bouin's solution (seawater based). Fixation of live specimens is critical for micro-anatomical studies. Frozen or alcoholpreserved specimens are inferior and limiting for histological investigation as the tissue fractures (Huang and Lützen, 1998) . Following fixation, the externae were dehydrated in graded ethanols, embedded in Araldite and 2 lm thick sections cut using an LKB ultramicrotome. Sections were stained in toluidine blue and observed with a compound microscope (Leica DM LB2 with DC 300 digital camera) at a magnification of 200-400 3. The surface sculpturing of the externa cuticle was investigated by observing the Bouin-fixed specimens under a compound microscope. Terminology in describing the externa follows Lützen and Takahashi (1997) .
Larval Development
Larvae of Sacculina sinensis were released from the parasite externae on infested crabs maintained in seawater at room temperature. Released larvae were collected by pipette from a point-light source and cultured in autoclaved seawater at 208C. Thirty larvae were sampled daily from the culture to confirm the larval stage and examine the morphology. The total length, width, and shield width, of the larvae at each stage were measured using a calibrated micrometer eyepiece. Nauplii and cyprids were further examined using a scanning electron microscope (SEM). Relaxed larvae were fixed in 2.5% glutaraldehyde (seawater based) for 2 hours, rinsed in distilled water for 1 minute, and dehydrated in graded ethanols (30%, 50%, 75%, and 100%). Larvae were then critical point-dried and palladiumcoated prior to SEM examination. Terminology in describing the larval morphologies follows Walossek et al. (1996) , Glenner et al. (1999), and Walker (1999) .
Seasonal Variation in Larval Sex Ratio
Ten infested crabs were collected at each of the three sampling dates during the summer (June-July) and winter (January-February; see Kaehler and Williams, 1996) and the released S. sinensis larvae were cultured to the cypris stage. Cyprids were relaxed in MS 222 (1% in seawater), fixed in 2.5% glutaraldehyde, dehydrated in graded ethanols, critical point-dried, and palladium-coated. The cyprids were sexed following SEM investigation of their antennular structure.
RESULTS
Distribution
Sacculina sinensis had a limited distribution on Hong Kong shores. Of the nine locations sampled, infested Leptodius exaratus were only found at four shores (Cape d'Aguilar, South Bay, Tai Mui Wan, and Tai Tam). The infestation rate of S. sinensis among the four sites was 6-14% (Table 1) . The number of externae on each crab ranged from one to three, with 40-100% of infested crabs carrying only one externa, whilst only 20% of crabs carried three externae at Cape d'Aguilar and Tai Tam ( Fig. 2 ; Table 1 ).
Externa Morphology Virgin externae were recognized when they emerged on purposely infected crabs that were successfully maintained in the aquarium ( Fig. 2A) . The virgin externae were ovoid in shape, whereas mature externae, although the same shape, had two distinct shoulders (Fig. 2B, C) . The average size of mature externae was 50 3 30 mm (length 3 width). The colour of the mature externa is yellow, becoming yellowishbrown when carrying fully matured egg masses. The outer surface of the externa cuticle was spinous, with spines 10-30 lm in length (Fig. 3A, B) . From histological studies, the male receptacles were located posteriorly in the visceral mass (Fig. 3C ). They were globular in shape (diameter ¼ 300 lm), and each was connected to a folded receptacle duct ( Fig. 3C , E) via a small tube (diameter ¼ 70 lm) with a thick cuticle lining (Fig. 3D) . The colleteric glands contain ;22 tubes arranged in 4-5 rows (Fig. 3F) . The mantle cavity of S. sinensis was not folded (Fig. 3A) .
Larval Development
Larval development of Sacculina sinensis consists of four naupliar stages and a cypris stage (Fig. 4) . Each naupliar stage lasted for one day, and the metamorphosis from nauplius IV to the cypris stage a further two days (a total of six days to complete the larval cycle at 208C). The nauplii were lecithotrophic with distinct lipid globules internally. The furcal spines differ between stages ( Fig. 5A-C) . The fronto-lateral horns of the stage IV nauplius are smooth and without a dorsal stylet (Fig. 5D ). There are two pairs of short setae on the surface of the cephalic shield of the Stage IV larvae (Fig. 7) . The labrum is reduced to a simple tubular structure (Fig. 6F) . The larval appendages bear mainly simple setae in all naupliar stages when viewed under the light microscope, but under the SEM, such setae are in fact setules. The setae of the antennules become reduced in number from stage III to stage IV, whereas the setation of the antennae and mandibles remains unchanged at all stages (Table 2) . There are five pairs of lattice organs on the cypris shield with the usual two pairs anteriorly and three pairs posteriorly (Fig. 8A, E) . The shield of the cyprids has many protruding setae and small pores, the latter being the openings of the epidermal glands (Fig. 8B, C) .
Male and female cyprids can be distinguished by the morphology of their antennules (Fig. 9) , with the male having a large posterior aesthetasc. Cyprids of both sexes have a postaxial seta on segment II. Male cyprids have a breaking zone on segment II and a spinous process on segment III, which are absent in the female cyprids. Segment III consists of the attachment disc, and both male and female cyprids have a postaxial sensillum. In segment IV, male cyprids have a large aesthetasc and three terminal setae. Segment IV of female cyprids does not protrude from the attachment disc (Fig. 9C, D) . 3 . Morphology of the externa and male receptacles of Sacculina sinensis. A) transverse section of the externa cuticle; B) surface sculpture of the externa cuticle; C) longitudinal section of a male receptacle (r), the small tubular part connecting the receptacle and the receptacle duct (t), the folded receptacle duct (rd) and the receptacle duct opening (o); D) transverse section of the tubular part; E) transverse section of the folded receptacle duct; and F) the colleteric glands. Scale bars in lm.
Seasonal Variation in Larval Sex Ratio
In winter, the female larvae constituted a higher percentage in the samples, the mean sex ratio between male to female was 2:8. In summer, the larvae brooded were exclusively males. From measuring subsamples of 30 larvae of each sex from five separate broods (Rn ¼ 30 3 2 sexes 3 5 broods ¼ 300 larvae), the minimum size of the female larvae measured was smaller than that of the male, but there was much overlapping of the sizes of female and male cyprids. Male cyprids ranged 250-300 lm whilst female cyprids ranged 230-290 lm. Mean size of the male cyprids was 267.5 6 14.35 lm and of female cyprids was 244 6 15.75 lm.
DISCUSSION
In general, the morphology of the externa (size and colleteric gland structure) of Sacculina sinensis in the present study matches that described by Boschma (1933) . Boschma (1933) had not, however, mentioned the characteristic shoulder-like elevations of the externa. In the present study, none of the mantle was folded, which lends further support to the speculation that the folded mantle observed by Boschma was an artifact resulting from poor preservation techniques (Boschma, 1933) . Sacculina sinensis is a sacculinid parasitizing the crab Leptodius exaratus (¼ Xantho exaratus). This crab is also the host for Loxothylacus amoenus Boschma, 1933; L. brachythrix Boschma, 1933; and S. leptodiae Boschma, 1954 (Boschma, 1933 , 1936 , 1954 . The externa morphology of Sacculina sinensis is similar to that of S. leptodiae in that the male receptacles are located posteriorly in the visceral mass. The male receptacles and the receptacle ducts are connected by a small tube in both species. Sacculina sinensis, however, differs from S. leptodiae in having spines on the externa cuticle, whereas in the latter, the spines occur as bundles (Boschma, 1936) . In addition, the vas deferens of the male receptacle of S. sinensis is folded, whereas this is not the case in S. leptodiae.
The maximum number of multiple externae of Sacculina sinensis on a single host in the present study was three, which is less than the maximum of five recorded by Boschma (1933) . In most cases, however, only a single externa could be seen on the pleon of the host crabs. The number of externae that can be produced in S. sinensis (1-3) is similar to that of S. plana Boschma, 1933, from Taiwan (Huang and Lützen, 1998) . The occurrence of multiple externae can be the result of multiple infestations by female cyprids on a single host, or by formation of new externae through asexual budding carried out by the interna (Liu and Lützen, 2000) . Asexual budding has been reported for S. polygena and S. plana from Taiwan (Liu and Lützen, 2000) , but is unknown for S. sinensis.
The antennular morphology of the cyprids of Sacculina sinensis is similar to that of S. carcini Thompson, 1936 (Glenner et al., 1999 . Male cyprids in both species have a breaking zone on segment II and a spinous process on segment III, both of which are absent in the female cyprids. A postaxial seta is present on segment III in both species. When compared with the antennules of Heterosaccus lunatus Phillips, 1978 (Walker, 1999 , the male cyprids of S. sinensis have only one postaxial seta on segment III, whereas in H. lunatus there are two. Male cyprids of S. sinensis also bear a large aesthetasc, which is represented by a spinous seta in H. lunatus. For the female cyprids, both S. sinensis and H. lunatus possess one postaxial seta on segment II and one postaxial seta on segment III. Segment IV of female cyprids of S. sinensis was positioned very close to the attachment disc, which is different from other Sacculina species (Glenner et al., 1999) suggesting the antennular morphology may show interspecific variations in the family Sacculinidae.
The sex ratio of S. sinensis larvae exhibits a seasonal pattern. In winter, most of the cyprids were females, whilst in summer all were males, showing that the infestation period of the crabs occurs mostly in the winter months. Factors affecting such seasonal variation in the larval sex ratio can be a possible fruitful area for further investigation (see Walker, 1987) .
In Rhizocephala, the male larvae are reported to be larger than the females (see review in Høeg and Lützen, 1995) . In the present study, the minimum size of female cypris larvae of Sacculina sinensis measured is smaller than that of the I  SSSS: S  SSSSS  SSS  SSSS  SS  II  SSSS: S  SSSSS  SSS  SSSS  SS  III  SSS  SSSSS  SSS  SSSS  SS  IV  SSS  SSSSS  SSS  SSSS  SS male larvae, but there was much overlapping in the size ranges of the two sexes. In Sacculina carcini, female cyprids are smaller than the males, but there is also a range that the larvae of the two sexes overlapped (male ranged 234-315 lm whilst female ranged 198-270 lm; Walker, 1987) , suggesting size cannot be considered as the single factor to judge the sexes (see Høeg, 1984) .
Similar to the distribution pattern observed for Sacculina polygenea Takahashi, 1997, in Japan (Yamaguchi et al., 1984) , the distribution of S. sinensis is also localized. Of the nine rocky shores investigated, only four sites were found to have infested Leptodius individuals, all with a relatively low infestation rate. The observed localized distribution appears to be related to the life-cycle of Fig. 8 . Cyprid structure of Sacculina sinensis. A) locations of the five lattice organs (LO 1-5), setae (S), pore (P), and fronto-lateral horn pore (fhp); B) setae on the shield surface; C) pores on the shield surface; D) fronto-lateral horn pore; E) posterior lattice organ. Scale bar in lm (except C, D in gm).
sacculinids, which involves first the infestation of crab hosts by female cyprids to develop the interna and subsequent virgin externa, followed by male inoculation and spermatogenesis, eventually leading to fertilized eggs (Høeg and Lützen, 1995) . To ensure successful infestation and male inoculation, Sacculina species often have larval stages of short duration, which can result in limited larval dispersal and hence lead to very localized distribution.
In Taiwan, the infestation rate of Sacculina plana is generally higher than that of S. sinensis in Hong Kong and can reach a maximum of 71.7 percent (Liu and Lützen, 2000) . The prevalence of Sacculina infestation appears to be dependent upon recruitment success, which is spatially and temporally variable.
The taxonomy and biology of the Rhizocephala in temperate regions and in some Asian countries, such as Japan, Philippines, and Taiwan, are well documented. Studies of the Rhizocephala from Hong Kong and China are, however, few, and the information is fragmentary (Chan, in press ). As Sacculina sinensis has a localized distribution in Hong Kong, further research direction should focus on the geographical distribution, population genetics, and reproductive biology of Sacculina sinensis in the South China Sea.
